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I. INTRODUCTION AND OBJECTIVES 
An essential feature of a dynamic plant breeding program is the 
development and maintenance of a widely diverse gene pool. Increased 
genetic variability can be accomplished readily through the introgres-
sion of germplasm from wild and weedy species. However, the problem 
that confronts the practical breeder is to identify useful genes from 
these exotic materials and incorporate them into adapted genotypes 
without disrupting the superior gene complexes of these adapted geno­
types. 
Recently, several lines of Avena sterills L., a wild oat originally 
collected in Israel for its disease resistance, were discovered to 
contain a number of useful genes for grain yield and protein content. 
Although A. sterills is unadapted to cultivation, it may contain 
many more useful genes for the improvement of complexly inherited 
traits in cultivated types. 
My primary objective was to study the introgression of exotic 
germplasm into an oat breeding program. More precisely, I attempted 
to determine what proportion of exotic A. sterills germplasm should be 
Introgressed into adapted A. sativa L. germplasm to successfully 
produce superior transgresslve segregates In the progeny. I obtained 
populations of lines with different expected proportions of exotic 
germplasm by obtaining six generations from a conventional backcrossing 
program involving A. sterills x A. sativa crosses. 
2 
This approach generated further objectives which complement the 
primary one. The first of these was to examine backcross variability 
obtained from these genetically wide crosses and the second was to 
determine the inheritance of agronomic traits in crosses of A. sativa 
X A. sterilis. 
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II. EXPERIMENTAL PROCEDURES 
A. Genetlcal Materials 
Eight parental combinations (crosses) involving two A. sativa 
cultivars x four A. sterilis collections were used in this study (Table 
1). For each, the was backcrossed to the A. sativa recurrent parent 
to give the BC^ generation which in turn was backcrossed to the re­
current parent etc., until five backcross generations were completed. 
In all backcrosses the recurrent parent was used as the pollen parent, 
except in the where it was used as the female. These backcrosses 
were initially made to transfer genes that conferred resistance to 
the crown rust fungus (Puccinia coronata Cda. var. avenae Fraser 
and Led.) from the A. sterilis introductions into the two Corn Belt 
cultivars. Throughout the backcrossing program, therefore, selection 
was imposed for resistance to crown rust. Fg seed was saved from 
resistant and susceptible F^ plants of the five backcross generations 
of each cross, but in making each subsequent backcross, only the 
resistant hybrids were used as parents. For each particular backcross, 
an average of 27.4 seeds was obtained, but only an average of 9.5 
plants that were resistant to crown rust was used in making the suc­
ceeding backcrosses. 
Eighty Fg seeds from each of the eight crosses in each of six 
generations (backcross levels) plus 80 seeds from each of the two 
recurrent parents were space planted in the field in 1970, to provide 
4 
Table 1. Parentages and accession numbers for the eight oat cross 
combinations. 
Cross number Recurrent parent Donor parent 
1 CI 7463* X B442' 
2 CI 7463 X B443 
3 CI 7463 X B444 
4 CI 7463 X B445 
5 CI 00
 
o
 
X B442 
6 CI 8044 X B443 
7 CI 8044 X B444 
8 CI 8044 X B445 
^CI 7463 is the cultivar 'Clintford'• 
^CI 8044 is the recurrent parent used to develop the Multiline 
E series of oat cultivars (Frey, Browning, and Grindeland, 1971). 
c 
Iowa accession numbers for A. sterilis lines that originated 
as single plant collections. 
5 
a generation of seed Increase. A few of the populations (a popula­
tion was a particular generation within a cross or either of the two 
recurrent parents) had less than 80 lines. 
B. Field Experiment 
The 3900 Fg-derived lines representing approximately 80 lines 
within each of the 50 populations (i.e., eight crosses x six genera­
tions plus two recurrent parents) were grown in the field in a ran­
domized complete-block design with three replicates. Appropriate check 
cultlvars plus a number of lines representing the A. sterllls donor 
parents also were included in the experiment. A plot consisted of 
30 seeds sown in a hill, with the hills spaced 30 cm apart in per­
pendicular directions (Frey, 1965). The experiment was bordered with 
two rows of hill plots on all sides to eliminate border effects in 
the test plots. Plots were sown on April 8, 1972, on an area of 
highly fertile soil at the Agronomy Field Research Center near Ames, 
Iowa. A fungicide, D1thane M-45 (the active Ingredient is manganese 
and zinc ethylene bisdithiocarbamate), was applied to the plants at 
weekly Intervals from anthesls to maturity to eliminate foliar diseases. 
Five traits were measured in the 1972 experiment. Heading date 
was recorded as days after May 31 when half the panicles in a plot were 
fully emerged. Plant height (cm) was measured as the mean distance 
from ground surface to panicle tips in a plot. Straw weight and grain 
6 
yield of the plots were recorded in grams and converted to quintals 
per hectare. Harvest index was calculated as the percentage of grain 
weight to total plant weight (straw + grain). 
Before sowing, seed from each Fg-derived line was classified as 
either A. sativa or A. sterilis in type (Coffman, 1964). All four A. 
sterilis parents had hairy and black lemmas, jointed awns, and spike-
lets that separated at an abscission layer. The two A. sativa parents 
had glabrous and yellow lemmas, no awns, and spikelets that separated 
by fracture. A line was classified as A. sativa type only if it had 
none of the A. sterilis seed characteristics; otherwise, it was 
classed as an A. sterilis type. 
C. Rust Testing 
The BCgFg-derived lines from the eight crosses were tested in the 
glasshouse for their reactions to the crown rust fungus. The inocula­
tion techniques and classification of reaction were similar to those 
described by Murphy (1935). For each cross an appropriate crown rust 
race was used, and the lines were scored as resistant, segregating, 
or susceptible. 
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III. BACKCROSS VARIABILITY 
A. Literature Review 
Backcrossing is a successful and precise method of adding a simply 
Inherited trait to an existing plant cultlvar (Brlggs and Allard, 
1953; Immer and Stevenson, 1928; Knott and Talukdar, 1971; Thomas, 
1952), but it has not gained wide acceptance for transferring complexly 
Inherited traits. Harlan and Pope (1922) pointed out the place of 
backcrossing in cereal breeding, and since then Brlggs and Allard 
(1953) have stated three basic requirements for a successful back-
crossing program; (1) the existence of a satisfactory recurrent parent; 
(2) retention of a worthwhile intensity of the character being trans­
ferred through several backcrosses; and (3) reconstitution of the 
genotype of the recurrent parent within a reasonable number of back-
crosses executed with populations of manageable size. 
The elementary theory of backcrossing is based upon unselected 
populations of infinite size. Homozygosity is attained at the same 
rate as with selfing (Wright, 1921) in accordance with the formula: 
proportion of homozygosity = [(2™ - 1) / 2*°]", 
where m = number of backcross generations, and n = number of hetero­
zygous factor pairs. Recovery of the recurrent parent type, however, 
is expected to occur more rapidly with backcrossing than with selfing. 
The extent to which linkage blocks are broken and to which re­
combination occurs is of critical importance when introgressing exotic 
8 
Into adapted germplasm, because success in obtaining the desired trans-
gressive segregates depends on obtaining genetic recombinations. Brck-
crossing is more effective than selfing in this respect, because more 
linkages are broken between desirable and undesirable genes (Briggs 
and Allard, 1953). When a locus is held heterozygous for n genera­
tions of backcrossing, the average length of the heterozygous segment 
surrounding the selected locus asymptotically approaches 2/n (Fisher, 
1949), Hanson (1959) developed a more exact criterion for determining 
the cumulative distribution of heterozygous segments in early genera­
tion tests of "isolines". A number of studies with isolines (Fasoulas 
and Allard, 1962; Frey, 1972; Frey and Browning, 1971; Kohel and Rich­
mond, 1971; Russell and Eberhart, 1970) have shown them to deviate 
in performance from their recurrent parents. This phenomenon probably 
is due to linkage between genes controlling complexly inherited traits 
and those conditioning the simply inherited trait that is being trans­
ferred. 
Little evidence is available concerning backcross improvement 
in complexly inherited characters where success requires the transfer 
of several genes. Suneson (1947) transferred, earliness and short 
straw from 'Ramona' to 'Baart' wheat, but during the progress of these 
backcross transfers, it became apparent that most of the difference 
between the parents for each trait was governed by one or two major 
genes. Leininger and Frey (1962), studying backcross variability in 
oats, have shown that while the means for heading date, plant height. 
9 
grain weight per volume, and grain yield all regressed towards the re­
current parent, the rate could not be explained on the basis of additive 
gene action alone. 
Although A. sativa and A. sterilis are taxonomically classified 
as two species, they cross readily and produce fertile F^^'s. Hence 
they should be considered as genetically divergent genotypes within the 
one species (Ladizinsky and Zohary, 1971). Harlan, Martini, and Stevens 
(1940) suggested the system of convergent crossing to combine germplasm 
of several divergent genotypes, and MacKey (1963) added a modification 
to this scheme by making the cross '(adapted x exotic) x adapted', 
before starting convergent crossing. Compared to the single cross, 
the strict backcross or three-way cross restores the desired genetic 
complexes already present in adapted genotypes, while still allowing 
recombination between exotic and adapted germplasm. 
B. Results 
1. Association of rust reaction with agronomic traits / 
During the backcrossing program, plants were classified as 
either resistant or susceptible to a specified crown rust race. As­
suming that a single dominant allele controls resistance, the expected 
ratio of resistant:susceptible plants is 1:1. The results, when com­
bined over all generations of a cross (Table 2), generally confirm this 
hypothesis. Also, the BC^Fg-derived lines in the were tested for 
10 
Table 2. Numbers of plants resistant and susceptible to crown rust 
2 during the backcrossing program and x for goodness of fit 
to a 1:1 ratio for the eight oat crosses. 
Cross Rust Generation 
number reaction BCg BCg BC^ BC^ Combined 
1 Resis. 8 5 6 11 30 60 
Susc. 8 20 6 8 6 48 
0.0 9.0** 0.0 0.5 16.0** 1.3 
2 Resis. 11 12 13 12 22 70 
Susc. 7 15 8 20 12 62 
X^ 0.9 0.3 1.2 2.0 2.9 0.5 
3 Resis. 14 10 9 9 16 58 
Susc. 11 19 7 10 13 60 
X^ 0.4 2.8 0.3 0.1 0.3 0.0 
4 Resis. 6 11 7 8 14 46 
Susc. 6 16 12 10 21 65 
X^ 0.0 0.9 1.3 0.2 1.4 3.3 
5 Resis. 22 9 12 10 24 77 
Susc. 10 30 13 16 5 74 
X^ 4.5* 11.3** 0.0 1.4 12.4** 0.1 
6 Resis. 12 12 14 17 14 69 
Susc. 5 14 8 14 6 47 
X^ 2.9 0.2 1.6 0.3 3.2 4.2* 
7 Resis. 17 16 11 12 9 65 
Susc. 11 13 13 8 14 59 
X^ 1.3 0.3 0.2 0.8 1.1 0.3 
* 
Significant at 5% level. 
**Significant at 1% level. 
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Table 2 (Continued) 
Cross Rust Generation 
number reaction BC^ BC^ BCg BC^ BC^ Combined 
8 Resis. 13 11 15 18 14 71 
Susc. 14 16 9 10 26 75 
0.0 0.9 1.5 2.3 3.6 0.1 
12 
their crown rust reaction. The expected ratio of homozygous resistant; 
heterozygous;homozygous susceptible is 1:2:5 and again the observed 
ratios (Table 3) tended to confirm the hypothesis. Although a few 
observed ratios were significantly different from expected (Tables 2 
and 3), the results fitted a single-gene hypothesis when the crosses 
were combined into groups with respect to their donor parents (e.g., 
combine cross 1 with 5). Therefore, the results suggest that a single 
gene was controlling the rust reaction from each A. sterilis parent. 
Populations of BC^Fg-derived lines from each cross also were tested 
for associations between rust reaction and agronomic traits. For each 
cross, the mean of the homozygous susceptible lines was compared to the 
mean of the homozygous resistant lines by a t-test (Table 4), for each 
trait, heading date, plant height, straw weight, grain yield, and 
harvest index. There was no association between heading date or 
straw weight and rust reaction. There was an association, however, 
between height and rust reaction for three of eight crosses. Although 
height was associated with rust reaction in the CI 7463 x B442 cross 
(cross 1), no similar association occurred when the same rust gene 
was backcrossed into the CI 8044 background (cross 5). The same ra­
tionale applies to crosses 7 and 8 (i.e., similar associations were not 
present in comparable crosses 3 and 4). Therefore, if linkage occurred 
between particular rust resistance loci and particular plant height 
loci, there appeared to be some crossovers between them. Only one 
association occurred between rust reaction and grain yield, and one 
13 
Table 3. Classification of BC,.F_-derived lines for crown-rust 
2 
reaction and x for goodness of fit to an expected ratio 
for each of the eight oat crosses. 
2 Number of lines ^ for goodness 
Cross Homozygous Heterozygous Homozygous of fit to a 
number resistant susceptible 1:2:5 ratio 
1 4 12 60 9.05* 
2 11 17 50 0.51ns 
3 6 15 57 3.88ns 
4 12 20 40 1.85ns 
5 8 23 49 0.87ns 
6 4 14 62 8.28* 
7 6 31 43 8.63* 
8 12 22 45 1.10ns 
* 
Significant at 5% level, 
^ns values are not significant. 
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Table 4. Means of heading date, height, straw weight, grain yield, 
and harvest index for BC^Fg-derived lines classified as either 
homozygous resistant or homozygous susceptible in crown-rust 
reaction type and significance of t-tests between class means 
for each of the eight oat crosses. 
Trait Cross Trait means for the two classes Significance 
number Homozygous Homozygous of t-test 
resistant susceptible 
Heading 1 16.9 16.7 ns^ 
date 2 16.3 16.0 ns 
3 17.1 17.1 ns 
4 17.2 16.5 ns 
5 14.4 13.8 ns 
6 15.0 13.9 ns 
7 13.3 14.0 ns 
8 14.6 13.8 ns 
Height 1 103.3 99.0 * 
2 100.1 99.1 ns 
3 101.8 99.4 ns 
4 100.9 98.7 ns 
5 106.0 106.0 ns 
6 108.5 107.0 ns 
7 100.8 106.5 * 
8 113.9 107.2 * 
Straw 1 47.3 44.1 ns 
weight 2 50.9 46.3 ns 
3 54.3 51.1 ns 
4 50.6 46.6 ns 
5 47.4 45.1 ns 
6 44.4 47.6 ns 
7 39.4 41.0 ns 
8 45.7 45.5 ns 
*Significant at 5% level, 
^ns values are not significant. 
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Table 4 (Continued) 
Trait Cross 
number 
Trait means for the two classes 
Homozygous 
resistant 
Homozygous 
susceptible 
Significance 
of t-test 
Grain 
yield 
1 
2 
3 
4 
5 
6 
7 
8 
35.1 
37.1 
35.7 
33.4 
35.7 
36.9 
29.3 
36.3 
30.3 
32.1 
35.3 
31.9 
36.0 
38.7 
32.7 
35.7 
** 
ns 
ns 
ns 
ns 
ns 
ns 
ns 
Harvest 
index 
1 
2 
3 
4 
5 
6 
7 
8 
42.2 
41.3 
39.5 
39.0 
42.9 
44.7 
41.4 
44.1 
39.7 
40.4 
40.5 
40.2 
43.7 
44.5 
44.1 
43.3 
ns 
ns 
ns 
ns 
ns 
ns 
** 
ns 
** 
Significant at 1% level. 
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between rust reaction and harvest Index. 
2. A. sterllls seed traits 
The seed from each F_ line was classified as either A. satlva or 
2 — 
A. sterllls in type and a graph was plotted Illustrating the relation­
ship between generation level and frequency of lines with A. sterllls 
seed traits (Fig. 1). The and BC^Fg generations had a high fre­
quency of agronomlcally unsuitable lines due to A. sterllls seed type. 
3. Grain yield 
The frequency distributions for grain yields for all populations 
(a population was a group of lines from a particular generation within 
a cross or a group of lines from a recurrent parent) are illustrated 
in Figs. 2 and 3. The distributions of the two recurrent parents 
are given; however, only the means (represented by the dotted lines 
in Figs. 2 and 3) were determined for the four donor A. sterllls parents. 
Although the two recurrent parents are usually considered as pure lines, 
a sizeable amount of genetic variation was present within these cultlvars. 
An analysis of variance was computed on the grain yield data (Table 
5). In the analysis, the recurrent parents were considered as another 
generation equivalent to an infinite number of backcrosses. The mean 
squares were tested for significance by considering A. satlva, A. 
sterllls, and generation parameters as fixed effects and lines within 
populations as random. Mean squares for lines within generations were 
Fig. 1. Trends over generations in the frequency of lines with A. 
sterilis seed traits for eight A. sativa x A. sterilis crosses. 
Crosses are; (1) CI 7463 x B442, (2) CI 7463 x B443, (3) CI 7463 
X B444, (4) CI 7463 x B445, (5) CI 8044 x B442, (6) CI 8044 x 
B443, (7) CI 8044 x B444, (8) CI 8044 x B445. 
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Fig. 2. Frequency distributions for grain yield, for all generations 
and all crosses involving the CI 7463 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (1) B442, (2) B443, (3) B444, (4) B445. 
Black areas in the histograms denote transgressive segregates. 
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Fig. 3. Frequency distributions for grain yield, for all generations 
and all crosses involving the CI 8044 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (5) B442, (6) B443, (7) B444, (8) B445. 
Black areas in the histograms denote transgressive segregates. 
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tested for significance by comparing them to mean squares for lines 
within parents and mean squares for lines within parents were tested 
against error mean squares. Then, for each population, a between-line 
mean square was calculated and an analysis of variance was performed 
on these mean squares (Table 6) after they were transformed to logs. 
The frequency distributions (Figs. 2 and 3) illustrate the large 
amount of genetic variation for grain yield created from the A. sativa 
X A. sterllis crosses, and the analysis of variance (Table 5) con­
firms this observation because all sources of variation were significant. 
Although CI 7463 was lower yielding than CI 8044 when both were 
tested as pure lines, the progeny resulting from CI 7463 crosses 
generally were higher yielding than the corresponding progeny from 
CI 8044 crosses (Figs. 2, 3, and 13). Also, there was considerably 
more variation among progeny from CI 7463 crosses than among progeny 
from CI 8044 crosses (Table 6; Fig. 15). 
As is expected with increasing backcross levels, the generation 
means approached the means of the respective recurrent parents (Figs. 
2, 3, and 13), and there were decreases in the variances between lines 
(Table 6; Figs. 2, 3, and 15). Yet, there still was significant genetic 
variation for grain yield present in the later backcross generations 
(Table 5). 
In general, the four A. sterilis parents crossed with a particular 
recurrent parent gave remarkably similar results over backcross genera­
tions (Figs. 2, 3, 13, and 15; Tables 5 and 6), however, noticeable 
Table 5. Analyses of variance of data for straw weight, grain yield, and harvest index for 
all generations of the eight A. sativa x A. sterilis crosses. 
Source of variation Degrees of 
freedom 
Mean squares 
Straw weight Grain yield Harvest index 
A. sativa 
A. sterilis 
A. sativa x A. sterilis 
Generations 
Generations x A. sativa 
Generations x A. sterilis 
Generations x A. sativa 
X A. sterilis 
1 
3 
3 
6 
6 
15 
15 
239874** 
3685** 
4224** 
50010** 
7480** 
3700** 
1138** 
3040** 
2096** 
1338** 
16925** 
4072** 
1511** 
951** 
34674** 
162ns^ 
396** 
25216** 
. 234** 
161** 
209** 
* 
F value significant at 5% level. 
F value significant at 1% level, 
^ns F values are not significant. 
Table 5 (Continued) 
Source of variation Degrees of Mean squares 
freedom Straw weight Grain yield Harvest index 
Within P 158 122ns 97** 71** 
Within Fg 613 440** 194** 97** 
Within BC^Fg 628 440** 211** 91** 
Within BCgFg 628 349** 200** 70ns 
Within BCgFg 581 265** 185** 50ns 
Within BC^Fg 625 237** 147** 42ns 
Within BCgFg 617 254** 155** 29ns 
Replicates 2 65599** 5125** 5026** 
Error 7798 117 50 21 
Coefficient of variation (%) 20 20 12 
Table 6. Analyses of variance of log transformations of wlthin-generation mean squares for 
straw weight, grain yield, and harvest index for the eight A. satlva x A. sterllls 
crosses. 
Source of variation Degrees of 
freedom Straw weight 
Mean squares 
Grain yield Harvest index 
A. satlva 
A. sterllls 
A. satlva x A. sterllls 
Generations 
Generations x A. satlva 
Generations x A. sterllls 
Error (Generations x 
A. satlva x A. sterllls) 
1 
3 
3 
6 
6 
15 
15 
2.586** 
0.059ns* 
0.154n8 
0.939** 
0.055ns 
0.031ns 
0.066 
1.362** 
0.160ns 
0.112ns 
0.302* 
0.038ns 
0.064ns 
0.101 
0.038ns 
0.047ns 
0.079ns 
•1.391** 
0.221ns 
0.248ns 
0.168 
* 
F value significant at 5% level. 
F value significant at 1% level. 
*ns F values are not significant. 
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deviations from expectation occurred in the BC^Fg generations of the 
four crosses involving CI 7463 and the BC^Fg generations of the four 
crosses with CI 8044. This may have been due to the small number of 
pollen parents (probably only 1 to 3 plants) used when making the back-
crosses. Even though the recurrent parents generally are presumed to 
be genetically homogeneous, my data (Figs. 2 and 3; Table 5) indicated 
the presence of a significant amount of genetic variation within the 
recurrent parent cultivars. The A. sativa x A. sterilis x generation 
component in the analysis of variance (Table 5) was significant. This 
also may partly be due to the small number of gametes sampled during 
the backcrosslng program: an average of 9.5 female plants and only 1 
to 3 male plants were used for each backcross. 
4. Harvest index and straw weight 
Analyses of variance, similar to that for grain yield, were per­
formed on straw weight and harvest index data (Tables 5 and 6). The 
frequency distributions for straw weight (Figs. 4 and 5) were very 
similar to those for grain yield (Figs. 2 and 3); whereas, the frequency 
distributions for harvest index (Figs. 6 and 7) suggested that this 
trait was more simply inherited than either straw weight or grain yield. 
With increasing backcross generations, the generation means for 
both traits approached the means of the respective recurrent parents 
(Figs. 4, 5, 6, 7, and 13; Table 5) and the genetic variation between 
lines decreased (Figs. 4, 5, 6, 7, and 15; Tables 5 and 6). Genetic 
Fig. 4. Frequency distributions for straw weight, for all generations 
and all crosses involving the CI 7463 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (1) B442, (2) B443, (3) B444, (4) B445. 
Black areas in the histograms denote transgressive segregates. 
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Fig. 5. Frequency distributions for straw weight, for all generations 
and all crosses involving the CI 8044 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (5) B442, (6) B443, (7) B444, (8) B445. 
Black areas in the histograms denote transgresslve segregates. 
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Fig. 6. Frequency distributions for harvest index, for all generations 
and all crosses involving the CI 7463 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (1) B442, (2) B443, (3) B444, (4) B445. 
Black areas in the histograms denote transgressive segregates. 
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Fig. 7. Frequency distributions for harvest index, for all generations 
and all crosses involving the CI 8044 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (5) B442, (6) B443, (7) B444, (8) B445. 
Black areas in the histograms denote transgressive segregates. 
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variances among lines within the F^, BC^Fg, and BCgFg generations for 
harvest index were significantly greater than the within-parent varia­
tion, but there was no significant variation among lines within the 
BCgFg, BC^Fg, and BC^Fg generations (Fig. 15; Tables 5 and 6). All 
generations except the recurrent parents had a significant amount of 
genetic variation among lines for straw weight (Figs. 4, 5, and 15; 
Tables 5 and 6). 
Although CI 7463 had a lower straw weight than CI 8044 when both 
were tested as pure lines, the progeny resulting from CI 7463 crosses 
generally were higher than the corresponding progeny from CI 8044 
crosses (Figs. 4, 5, and 13; Table 5). A positive relationship existed 
between means of the parents and means of the progeny for harvest index 
(Figs. 6, 7, and 13; Table 5). There was considerably more variation 
among progeny from CI 7463 crosses than among progeny from CI 8044 
crosses for straw weight (Figs. 4, 5, and 15; Table 6), but there was 
no difference in variation for harvest index (Figs. 6, 7, and 15; 
Table 6). 
Like grain yield, straw weight showed similar deviations from 
expectation for the BC^Fg generations of the four crosses with CI 7463 
and the BC^Fg generations of the four crosses with CI 8044 (Figs. 4, 5, 
and 13). Harvest index showed no such deviations (Figs. 6, 7, and 13). 
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5. Heading date and plant height 
Analyses of variance, similar to those for grain yield, straw 
weight, and harvest index, were performed on heading date and plant 
height (Tables 7 and 8). The frequency distributions for heading date 
(Figs. 8 and 9) and plant height (Figs. 10 and 11) indicated that both 
these traits were less complexly Inherited than was grain yield (Figs. 
2 and 3). With increasing backcross generations, the generation means 
for these traits tended to approach the means of the respective recurrent 
parents by the BC^Fg (Figs. 8, 9, 10, 11, and 12; Table 7). Also, the 
within generation variances approached the within parent variances by 
the BCgFg (Figs. 8, 9, 10, 11, and 14; Table 8), even though there was 
a significant amount of genetic variation within the BC^Fg, BC^Fg, and 
BCgFg generations (Table 7). 
The contributions of the two A. sativa recurrent parents and the 
four A. sterilis donor parents to the progeny are all genetically 
different with respect to the means and genetic variances for heading 
date and height in the progeny (Figs. 8, 9, 10, 11, 12, and 14; Tables 
7 and 8); also, there was a significant A. sativa x A. sterilis inter­
action (Tables 7 and 8). CI 7463 crosses were later heading, taller 
in plant height, and had higher within-generatlon variances for heading 
date, than did crosses involving CI 8044 (Figs. 8, 9, 12, and 14). B444 
crosses had large within-generatlon variances for heading date (Figs. 
8, 9, and 14); whereas, B442 crosses were early heading and had small 
within-generatlon variances (Figs. 8, 9, 12, and 14). In comparison 
Fig. 8. Frequency distributions for heading date, for all generations 
and all crosses involving the CI 7463 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (1) B442, (2) B443, (3) B444, (4) B445. 
Black areas in the histograms denote transgressive segregates. 
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Fig. 9. Frequency distributions for heading date, for all generations 
and all crosses involving the CI 8044 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (5) 
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Fig. 9. Frequency distributions for heading date, for all generations 
and all crosses involving the CI 8044 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (5) d442, (6) B443, (7) B444, (8) B445. 
Black areas in the histograms denote transgressive segregates. 
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Fig. 10. Frequency distributions for plant height, for all generations 
and all crosses involving the CI 7463 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (1) B442, (2) B443, (3) B444, (4) B445. 
Black areas in the histograms denote transgressive segregates. 
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Fig. 11. Frequency distributions for plant height, for all generations 
and all crosses involving the CI 8044 A. sativa recurrent 
parent. A. sterilis donor parents which are represented by 
the dotted lines are; (5) B442, (6) B443, (7) B444, (8) B445. 
Black areas in the histograms denote transgressive segregates. 
45  
Cross 
BCiF^ 
BCgFg 
BC3F2 
BC5F2 
I I 
I'lTl 
I I J I L. J L 
40 
20 
0 
40 
20 
0 
40 
20 
0 
40 
20 
0 
40 
20 
0 
40 
20 
0 
40 
20 
0 
80 n o  140 80 n o  140 80 n o  140 80 n o  i 4 o  
HEIGHT (cm) 
Table 7. Analyses of variance of data for heading date and plant height for all generations of 
the eight A. sativa x A. sterllls crosses. 
Source of variation Degrees of 
freedom 
Mean squares 
Heading date Height 
A. sativa 
A. sterllls 
A. sativa x A. sterilis 
Generations 
Generations x A. sativa 
Generations x A. sterilis 
Generations x A. sativa 
X A. sterilis 
1 
3 
3 
6 
6 
15 
15 
15606** 
857** 
95** 
1581** 
457** 
186** 
109** 
53559** 
1602** 
46ns^ 
27332** 
1813** 
716** 
517** 
F value significant at 1% level, 
^ns F values are not significant. 
Table 7 (Continued) 
Source of variation Degrees of 
freedom 
Mean squares 
Heading date Height 
Within P 158 4* 34ns 
Within F2 613 58** 123** 
Within BC^Fg 628 31** 154** 
Within BCgFg 628 20** 121** 
Within BCgFg 581 9** 95** 
Within BC^Fg 625 10** 78** 
Within BC^Fg 617 8** 71** 
Replicates 1 196** 10330** 
Error 3899 3 28 
Coefficient of variation (%) 11 5 
ic 
F value significant at 5% level. 
Table 8. Analyses of variance of log transformations of wlthin-generation mean squares for 
heading date and plant height for the eight A. satlva x A. sterilis crosses. 
Source of variation Degrees of 
freedom 
Mean squares 
Heading date Height 
A. sativa 
A. sterilis 
A. sativa x A. sterilis 
Generations 
Generations x A. sativa 
Generations x A. sterilis 
Error (Generations x 
A. sativa x A. sterilis) 
1 
3 
3 
6 
6 
15 
15 
3.252** 
0.392* 
0.410* 
4.492** 
0.096ns^ 
0.194ns 
0.112 
0.120ns 
0.432** 
0.264* 
0.972** 
0.078ns 
0.135ns 
0.071 
F value significant at 5% level. 
F value significant at 1% level, 
^ns F values are not significant. 
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with the other seven crosses, CI 8044 x B445 had large within-genera-
tion variances for height (Figs. 10, 11, and 14; Table 8). 
For heading date and height, the A. sativa x A. sterilis x genera­
tion component of the analysis of variance on plot data was significant 
(Table 7), however, an examination of the data (Fig. 12), indicated that 
this interaction was relatively unimportant. 
6. Transgressive segregation 
For each trait, I determined which lines within a population were 
transgressive segregates. To be a transgressive segregate, a line 
within any generation had to be significantly beyond the range of the 
parental means (at the 5% level of probability). The black areas in 
the frequency diagrams (Figs. 2-11) denote the lines exhibiting signif­
icant transgressive segregation in an agronomically desirable direction 
(i.e., early heading date, short plant height, both low and high straw 
weight, high grain yield, and high harvest index) for Iowa growing 
conditions, and Table 9 gives the proportion of transgressive segregates. 
Within the recurrent parents, there was a low frequency of lines 
that I classified as exhibiting transgressive segregation. An average 
of 2.5% theoretically was expected in one tail of the distribution, due 
to experimental error. Since a significant amount of genetic variation 
was detected within the recurrent parents (Tables 5 and 7), these lines 
may be genetically superior or the results may be due to experimental 
error. However, there is a much higher frequency of transgressive 
50 
Table 9. Percentages of lines in 
exhibited transgressive 
grain yield, or harvest 
each generation of each cross that 
segregation for heading date, height, 
index. 
Trait Generation Cross number 
1 2 3 4 5 6 7 8 
P 3 0 
^2 5 4 3 5 11 8 12 26 
Heading BC F 8 5 4 25 24 12 29 28 
date 8 14 BCgF, 8 21 3 11 19 30 
BC^Fg 1 15 9 3 3 1 0 1 
BC4F2 9 11 4 9 6 0 3 3 
3 4 0 3 6 1 3 0 
P 0 3 
^2 
0 0 0 0 0 3 0 4 
BC^F2 1 3 0 0 5 5 5 13 
Height BC^F, 7 3 1 0 8 1 10 24 
BC F2 0 3 3 4 9 1 10 9 
3 4 1 3 8 3 6 9 
BC3F, 9 5 3 5 13 9 6 5 
P 9 5 
^2 9 10 5 1 1 0 1 0 
Grain BC F 33 8 29 11 8 5 9 3 
yield 
13 20 26 30 0 10 9 1 
13 21 24 15 0 3 0 0 
10 40 33 24 11 12 6 15 
BC.F, 3 10 7 8 3 11 0 1 
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Table 9 (Continued) 
Trait Generation Cross number 
1 2 3 4 5 6 7 8 
P 1 0 
^2 
1 0 0 0 0 0 0 0 
Harvest BC1F2 1 0 0 8 3 0 1 0 
index 
BCgF, 1 4 0 1 4 0 1 1 
=% 0 6 4 4 1 0 3 0 
1 8 4 3 4 4 0 3 
BC^F„ 1 5 1 1 4 4 4 1 
52 
segregates, especially for grain yield, in the progeny of the crosses 
than in the recurrent parents. 
All four crosses involving CI 7463 (crosses 1, 2, 3, and 4) had 
a sizable proportion of progeny exhibiting transgressive segregation 
for grain yield, and the most suitable generations to select high 
yielding lines were the BC^Fg, BCgFg, and BC^Fg. The best 
generation to select high yielding lines from CI 8044 crosses (crosses 
5, 6, 7, and 8) was the BC^Fg. All transgressive segregates were more 
than 20% higher yielding than the respective recurrent parents. 
There were more transgressive segregates for heading date and 
height in the CI 8044 crosses than in the CI 7463 crosses. The most 
suitable generations to select lines with early heading date in the 
CI 8044 crosses were the Fg, ^C^Fg, and BCgFg: whereas, the BC^Fg, 
®^2^2' BCgFg were the best generations to select short plants. Very 
few lines exhibited transgressive segregation for high harvest index, 
and although the greatest proportion of these lines were in the BC^Fg, 
BC^Fg, and BC^Fg generations, the analysis of variance (Table 5) in­
dicates that variation within these generations was non-significant. 
C. Discussion 
A large amount of genetic variation, especially noticeable for 
grain yield, was created from the extremely wide exotic x adapted oat 
crosses I used as materials for this study. All four A. sterilis in­
troductions contributed genes for increased grain yield to their pro­
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geny, even though there was no indication of the presence of such genes 
from direct observations on these exotic parents. The four A. sterilis 
parents also contributed useful genes with respect to early heading, 
short plant height, and possibly, other characters that were not measured. 
For all traits, the variation between lines within generations was 
large in the early backcrosses but decreased with later backcross 
generations. This decrease in genetic variance probably was due to a 
decrease in the expected proportion of exotic germplasm remaining in 
each successive backcross (Table 10). A reasonably large segment of 
exotic chromosome theoretically was carried along with the rust reaction 
gene selected during the backcrossing program; however, from the com­
parison of linkages using isopopulations of lines in the BC^Fg, few 
loci, if any, that controlled agronomic traits seemed to be associated 
with these A. sterilis chromosome segments. Therefore, it seems that 
most of the genetic variation for grain yield, straw yield, harvest 
index, heading date, and height from the A. sterilis parents was ran­
domly introgressed into the A. sativa genetic background. These results 
suggest that it is not necessary to search for associations between 
marker genes and complexly inherited traits, in order to transfer genes 
controlling complexly inherited traits from exotic to adapted genotypes. 
Even though the expected proportions of exotic germplasm in the 
BC^ and BC^ generations were only 4.1 and 2.4%, respectively (Table 10), 
there was still a significant amount of genetic variation within these 
generations; especially for complexly inherited traits such as grain 
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Table 10. Expected proportions of exotic germplasm in the several 
backcross generations (derived from Hanson, 1959). 
Generation Expected proportion of exotic germplasm Length of gene 
No selection Selection for one gene segment^ 
BC^ 0.250 0.263 0.786 
BCg 0.125 0.137 0.632 
BC^ 0.063 0.073 0.518 
BC, 0.031 0.041 0.432 
BC^ 0.016 0.024 0.368 
^Expressed as a proportion of one chromosome. 
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yield. Therefore, it is likely that backcrossing has been successful 
in accomplishing recombination between A. sterilis and A. sativa chromo­
some segments. The chance for recombination between A. sativa and A. 
sterilis chromosome segments in the was low, but with more backcrosses 
the chance of detecting recombinant lines increased. However, after 
approximately more than three or four backcrosses the proportion of 
exotic germplasm was so small that there again was a decreased chance 
of detecting recombinant lines that showed appropriate transgressive 
segregation. For complexly inherited traits such as grain yield, the 
BC^Fg, BCgFg, BCgFg, and BC^Fg generations were the best to select 
recombinant lines showing transgressive segregation; however, for less 
complexly inherited traits, such as heading date, the best generations 
were the F^, BC^Fg, and BCgFg. 
Obviously, recombination is essential in obtaining progeny with 
the required combination of superior genes from both the adapted and 
exotic parents. The backcrossing procedure successfully accomplished 
the recombination required to introgress complexly inherited traits as 
well as more simply inherited traits from exotic to adapted genotypes. 
During the backcrossing program, probably at least 10-15 F^ plants 
should be used for each backcross. Also, it may be wise to use from 
5-10 plants from the recurrent parent, because often there are genetic 
differences between plants within the so-called "pure" lines. 
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IV. INHERITANCE OF AGRONOMIC TRAITS 
A. Literature Review 
The introgression of exotic germplasm into a breeding program 
frequently is suggested as a procedure for increasing genetical vari­
ability for aiding in development of improved cultivars. To find and 
recognize exotic sources of germplasm that have useful genes is a 
dilemma facing the plant breeder. 
Recently, several lines of A. sterilis, a wild oat originally 
collected in Israel for its disease resistance, were discovered to con­
tain useful genetic variation. Certain lines have a groat-protein 
content as high as 25-30% (Campbell and Frey, 1972; Ohm and Patterson, 
1973a), whereas cultivated oats generally have 13-17%. Campbell and 
Frey (1972) and Ohm and Patterson (1973b) studied the inheritance of 
groat-protein percentage in crosses of A. sativa x A. sterilis and found 
that this trait was conditioned primarily by additive gene action. A 
similar conclusion was also reached by Ohm and Patterson (1973a) in 
their diallel cross analysis of six A. sterilis lines. Frey and Browning 
(1971) found that a crown rust (crown rust is caused by Puccinia coronata 
avenae) resistance gene from CI 8079 (A. sterilis) carried associated 
germplasm that gave a grain yield increase of 6.7% when introgressed 
into an adapted cultivar, and Frey (1972) found a similar association 
between a crown rust resistance gene from CI 8001 (A. sterilis) and 
grain yield stability. Although A. sterilis is unadapted to culti­
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vation, it seemingly may contain many useful genes for the improve­
ment of complexly inherited characters that are not always immediately 
measurable in the A. sterilis lines. 
Information on inheritance of quantitative traits in oats is 
primarily from crosses within A. sativa. In a study of individual 
plants from the and of 20 crosses, Jones and Frey (1960) obtained 
average degrees of dominace of 0.47, 0.91, 1.43, and 2.44, and herit-
ability values of 69, 56, 52, and 41% for heading date, plant height, 
kernel weight, and grain yield, respectively. Noll (1925) and Sappenfield 
(1952) found earliness to be partially dominant. Using the standard-
unit method, Frey and Horner (1957) calculated heritability for heading 
date, averaged over 22 crosses, to be 62 and 63% for Fg-F^ and F^-F^ 
comparisons, respectively; Frey and Norden (1959) obtained standard-
unit heritabilities for lodging resistance of 19, 6, and 15% for F^-F^, 
Fg-F^, and F^-F^ comparisons. Petr and Frey (1966) estimated herit­
ability values from 15 diallel crosses among six oat cultivars to be 33% 
for number of panicles per plant, 53% for grain yield, 54% for panicle 
length, 61% for plant height, 74% for number of spikelets per panicle, 
and 87% for heading date, with partial dominance indicated for short 
panicles, short plant height, early heading date, and few spikelets 
per panicle. In crosses of winter by spring oats, Muehlbauer, Marshall, 
and Hill (1971) found that general combining ability was a consistent 
source of significant variation in the F^ and F^. Heritability estimates 
were highest for maturity and plant height and lowest for straw strength 
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and grain yield. Using data from a five-year period, Pfabler (1971) 
determined narrow sense heritability values for grain yield from actual 
selection response and in standard units using 94 populations derived 
from crosses involving A. sativa and A. byzantina C. Koch. Heritability 
values for grain yield, however, were erratic and inconsistent. Com­
bined over different selection intensities, heritability values from 
selection response ranged from -55 to 76% and those in standard units 
ranged from -5 to 63%. 
Genetic correlations between agronomic traits and grain yield vary 
according to the particular crosses studied and the range of environments 
used for testing. No significant relationship was found between panicles 
per plant and grain yield in oat cultivars tested by Fore and Woodworth 
(1954). In a study of 14 oat cultivars tested in two years, Ross (1955) 
obtained correlations of 0.48 and 0.52 for plant height and number of 
panicles per plant. Correlations between heading date and number of 
panicles per plant were 0.51 and -0.08 for the different years, and 
between heading date and plant height, they were 0.77 and 0.27. Immer 
and Stevenson (1928) found little association between plant height and 
grain yield, and Stephens (1942) obtained no correlation between number 
of panicles per plant and grain yield. Genetic correlations, obtained 
by Petr and Frey (1966), between plant height, panicle length, number 
of spikelets per panicle, heading date, and grain yield were all positive, 
and most were relatively high. 
Inheritance studies to date indicate that selection for plant height, 
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panicle length, number of spikelets per panicle, heading date, and kernel 
weight should be feasible in early generations. However, the low herit-
ability values and high levels of dominance for grain yield, number of 
panicles per plant, and lodging resistance indicate that selection for 
these traits should be delayed until later generations. 
B. Theory 
1. Principles of scaling 
The scale employed in measuring a trait usually is the one found to 
be most convenient. There is no reason to suppose that the chosen scale 
is especially appropriate for the purposes of a genetic analysis, nor 
is there reason to believe that a single scale can reflect equally the 
idiosyncrasies of all the genes affecting a single character (Mather and 
Jinks, 1971), The scale must, therefore, be chosen by empirical means. 
Obviously, it should be one which facilitates both the analysis of the 
data and the interpretation and use of the resulting statistics. The 
chosen scale preferably should be one for which the analysis is simple; 
that is, the interactions among genes and between genotype and environ­
ment are either absent or as small as possible. 
Since the genetical analysis cannot ascertain the effects and 
properties of individual genes, we may take the more limited aim of 
seeking a scale for which the genie and non-heritable effects are approxi­
mately additive. 
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2. Components of means and variances 
I analyzed my data using the procedures outlined by Mather and Jinks 
(1971). Throughout the study, I used F^-derived lines tested in the F^. 
Using a two-locus model (assuming two alleles per locus) with inter­
actions, I determined the genotypic values for the nine possible genotypes 
(Table 11). Generalizing to a many-gene model, I derived the coefficients 
of the components of the generation means (Table 12). The components of 
the generation means were: 
m = mean, which is a constant that depends on the action of genes 
not under consideration and on the non-heritable factors, 
[d] = sum of the additive effects of the genes, 
[h] = sum of the dominance effects of the genes, 
[i] = sum of the homozygote x homozygote di-genic interaction 
effects (often termed the additive x additive gene effects), 
[j] = sum of the homozygote x heterozygote di-genic interaction 
effects (often termed the additive x dominance gene 
effects), and 
[1] = sum of the heterozygote x heterozygote di-genic interaction 
effects (often termed the dominance x dominance gene effects). 
The coefficients of [h], [j], and [1] were similar in magnitude for each 
generation, and hence the matrix of coefficients approached singularity. 
Therefore, it was possible to estimate only a maximum of four parameters, 
ro» [d], [h], and [i], assuming that the [j] and [1] effects were zero. 
By generalizing from the two-gene to a many-gene interaction model. 
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Table 11. Genotypic values for F^-derived lines tested in the 
for a two locus model, assuming two alleles per locus 
(derived from Mather and Jinks, 1971). 
BB Bb bb 
AÂ da + 4b + lab da + hb + j ab - \b 
Aa \ + S + jba \ \ + ^ ab 
2 2 
^a " S - iba 
aa 
'^a * " ^ab -''a + ""b - jab "''a - S + ^ ab 
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Table 12. Matrix of coefficients for the components of the generation 
means, assuming additive, dominance, and epistatic gene 
action. 
Generation Components* 
m [d] [h] [1] [j] [1] 
1 1 6 1 0 0 
^2 1 -1 
0 1 0 0 
1 0 1 0 0 1 J 
4 16 
BC F. 1 1 1 1 1 1 
X J 2 8 4 16 64 
BC F- 1 3 1 9 3 1 L J 
4 16 16 64 256 
BC F 1 7 1 49 7 1 J o 8 32 64 256 1024 
BC F 1 15 1 225 15 1 4 J 16 64 256 1024 4096 
BC F 1 31 1 961 31 1 D j 
32 128 1024 4096 16384 
^m = mean, [d] = additive gene effects, [h] = dominance gene 
effects, [i] = additive x additive gene effects, [j] = additive x 
dominance gene effects, and [1] = dominance x dominance gene effects. 
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I also was able to determine the coefficients of the components of genetic 
variances for the segregating generations (Table 13). The coefficients 
2 2 2 
of [h ], [j ], and [1 ] are very similar in magnitude for each generation; 
hence the matrix of coefficients approached singularity. It was possible, 
2 2 
therefore, only to estimate a maximum of three parameters, [d ], [h ], 
2 2 2 
and [i ], from the genetic variances, assuming that [j ] and [1 ] were 
zero. 
The difference between the mean measurements of two genotypes de­
pends on the distribution of the genes between the genotypes (Mather 
and Jinks, 1971). In general, the genes are not isodirectionally dis­
tributed, and of the k genes for which the genotypes differ, k' alleles 
of + effect will be present in one strain along with k-k' alleles of 
- effect, and vice versa for the other genotype. Hence, half the dif­
ference between the genotype means becomes 
[d] = Z(d^) - Z(d_), 
which in the special case of equal effects of all genes is 
[d] = [k - 2k'] d. 
In a cross between the two genotypes, the dominance effect is 
[h] = 2(h^) - E(h_). 
The ratio [h]/[d] is frequently regarded as a measure of the average 
dominance of genes by which the genotypes differ. This ratio as a measure 
of overall dominance, however, is tantamount to assuming that the genes 
of like effect are complexly associated in the parental genotypes, and 
that dominance is isodirectional at all loci. Neither assumption generally 
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Table 13. Matrix of coefficients for the components of genetic 
variances, assuming additive, dominance, and epistatic 
gene action. 
Generation Components^ 
[d^] [h^] [i^] [j ] [1^] 
^3 
0. ,500000 0. 062500 0. 250000 0. 062500 0. 011719 
BC1F3 0. 500000 0. 046875 0. 500000 0. 042969 0. 003662 
BCgF, 0. 312500 0. 027344 0. 449219 0. 025146 0. 000961 
BC3F3 0. 171875 0. 014648 0. 292725 0. 013901 0. 000243 
BC4F3 0. 089844 0. 007568 0. 166000 0. 007354 0. 000061 
BC3F3 0. 045898 0. 003845 0. 088256 0. 003788 0. 000015 
^[d^] is proportional to additive genetic variance, [h ] is 
2 
proportional to dominance genetic variance, [i ] is proportional to 
2 
additive x additive genetic variance, [j ] is proportional to additive 
2 
X dominance genetic variance, and [1 ] is proportional to dominance 
X dominance. 
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is true, and so it is more proper to speak of [h]/[d] as the potence 
ratio, which measures the relative potence of the parental gene sets 
(Wigan, 1944). 
The second degree statistics or variances, however, are not 
thwarted by these assumptions since 
D - [d^] - Z(d+)2 + Z(d_)2, 
and 
H = [h^] = Z(h+)2 + Z(h_)^. 
3. Effect of linkage 
In the absence of interactions (i = j = 1 = 0), linkage has no 
effect on the generation means. But, if both intereactions and linkage 
are present and an interaction model which assumes no linkage is used 
to analyse the generation means, then the estimates of all parameters 
except d will be biased (Mather and Jinks, 1971). 
In my experiment, it was not possible to use the generation means 
to test for the presence of linkage. Hence, in the analysis of the 
generation means, I assumed that the effect of linkage was negligible. 
In the absence of interactions, linkage, though not affecting the 
means, shows its effect in the second degree statistics, i.e., the 
variances. Linkage of a number of genes will exert its maximum effect 
on the variances when all are coupled and all their heterozygous 
effects are reinforcing. The effect of repulsion phase linkage is 
never as great, except where only two gene pairs are concerned, since 
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more than two genes cannot be all opposed to one another. Inequality 
of the d and h increments of the various genes also will reduce the 
effect of linkage on the variances. The effect of linkage on the value 
of a statistic could be zero even though linkage was present because 
the coupling and repulsion effects could balance each other. 
The effects of both interaction and linkage on variation basically 
is to change the constitution of D and H while leaving unchanged the 
coefficients with which they contribute to the various second degree 
statistics (Mather and Jinks, 1971). With interaction, the changes in 
D and H occur from generation to generation, whereas, with linkage 
the changes brought about in D and H follow the rank of the statistics. 
The rank is the number of occasions on which recombination has had 
opportunity to affect the differences that the statistic in question is 
measuring. In principle, therefore, it should be possible to detect 
the effects of interaction and linkage separately by appropriate 
analyses of the second degree statistics. 
In my experiment, the rank and generation were not independent 
of one another. Therefore, a significant test of heterogeneity of D 
and H over generations could be due to either interaction of alleles 
at different loci, to linkage, or both. Changes in D and H over 
generations reflect the effects of only the j and 1 interactions, 
respectively; whereas, the i interactions tend to mimic the effects of 
repulsion phase linkage (Hayman and Mather, 1955). 
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4. Number of effective factors 
The Castle-Wright formula (Castle, 1922; Wright, 1968; Mather and 
Jinks, 1971) was used to calculate the number of independently segre­
gating pairs of alleles (or better, of effective factors) for each 
trait in the crosses of my experiment. 
Where all the + alleles at the k loci, whose differences are 
involved in the cross, are concentrated in one true breeding parent 
genotype and all the - alleles in the other, half the difference 
between the two parental means will supply an estimate of Ed = [d], in 
the absence of interaction. If all these genes are of equal increments, 
Zd = kd, and D = E(d)^ = kd^. 
Thus, 
Z(d)2 kd^ 
2 
and for an population k = (P^ - P^) /4D. 
If the + and - alleles are not distributed isodirectionally 
between the parents, k will be underestimated. In this case it is 
better to use the range between the extreme genotypes (R), whether 
represented by the parents or progeny, as an estimate of 2kd. In­
equality of the increments will also lead to an underestimate of the 
actual number of genes. 
In this experiment, I could not satisfactorily separate the 
additive genetic variance from the non-additive genetic variance, and 
2 
hence, I used Og, the genetic variance of the F^, as an inflated value 
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of D/2. This led to an estimate of the minimum number of effective 
factors, 
k - R^/8ag. 
C. Results 
1. Generation means analysis 
The trends in generation means for heading date, plant height, 
straw weight, grain yield, and harvest index for the eight crosses are 
illustrated in Figs. 12 and 13. Although not shown in Figs. 12 and 13, 
the means of the A. sterilis parents were used in the inheritance 
analysis. The BC^Fg generation of the four crosses involving CI 8044 
deviated from expectation, especially for grain yield and straw weight, 
due probably to the small number of pollen parents used during the 
original crossing program. Hence, this generation in each of the four 
crosses was eliminated from the analysis. 
No transformations were performed on the data because the correla­
tions between the generation means and the error variances generally 
were non-significant for all traits. 
Fitting a four parameter model, m, [d], [hi, [i], by a weighted 
least squares procedure (Mather and Jinks, 1971) resulted in estimates 
of m that were often outside the range of the two parents and gave high 
standard errors for all estimated components. Therefore, the four 
parameter model did not help in explaining the type of gene action 
involved. However, a three parameter model, m, [d], [h], satisfactorily 
Fig. 12. Trends over generations in the means for heading date and 
plant height for eight A. sativa x A. sterilis crosses. 
Crosses are; (1) CI 7463 x B442, (2) CI 7463 x B443, (3) CI 
7463 X B444, (4) CI 7463 x B445, (5) CI 8044 x B442, (6) CI 
8044 X B443, (7) CI 8044 x B444, (8) CI 8044 x B445. 
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Fig. 13. Trends over generations in the means for straw weight, grain 
yield, and harvest index for eight A. sativa x A. sterilis 
crosses. Crosses are; (1) CI 7463 x @442, (2) CI 7463 x B443, 
(3) CI 7463 X B444, (4) CI 7463 x B445, (5) CI 8044 x B442, 
(6) CI 8044 X B443, (7) CI 8044 x B444, (8) CI 8044 x B445. 
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Table 14. Estimates of the components of generation means for heading date, height, straw 
2 
weight, grain yield, and harvest index and % for goodness of fit for each of the 
eight A. sativa x A. sterills crosses. 
Trait Cross 2 
components» ^ goodneSs 'l'élit 
Heading 
date 
Height 
1 16.73 ± 0.86 -1.27 + 0.86 12.53 ± 5.97 1.69ns^ 
2 23.78 ± 0.62 -8.22 ± 0.62 -5.16 + 4.71 0.88ns 
3 24.89 ± 0.66 -9.11 ± 0.66 -11.77 ± 5.69 1.03ns 
4 21.41 ± 0.54 -5.59 + 0.54 -19.65 + 3.71 0.67ns 
5 15.84 + 0.49 -2.16 + 0.49 -3.55 + 2.91 0.57ns 
6 23.10 ± 1.02 -8.90 ± 1.02 -26.30 + 6.98 2.47ns 
7 23.86 ± 0.85 -10.14 + 0.85 -29.75 + 5.87 1.67ns 
8 20.30 ± 0.59 -6.70 + 0.59 -26.04 ± 4.24 0.81ns 
1 111.64 ± 1.86 -13.36 ± 1.86 23.47 ± 12.91 1.25ns 
2 104.79 ± 1.48 -4.21 + 1.48 57.12 + 10.96 0.77ns 
3 109.96 ± 0.96 -10.04 ± 0.96 29.30 ± 7.12 0.33ns 
4 106.93 + 1.87 -6.07 + 1.87 31.52 ± 12.93 1.24ns 
5 115.52 ± 0.72 -9.48 + 0.72 14.70 ± 5.10 0.18ns 
6 108.97 ± 1.90 -0.03 + 1.90 38.82 ± 14.33 1.29ns 
7 113.38 ± 0.54 -6.62 ± 0.54 22.67 + 4.24 0.10ns 
8 110.58 ± 1.00 -2.42 + 1.00 18.64 ± 7.36 0.36ns 
®m = mean, [d] = average additive gene effects, and [h] = average dominance gene effects, 
^ns values are not significant. 
Table 14 (Continued) 
Trait Cross ^ a 2 ^ 
number Components X for 
m [d] [h] goodness of fit 
Straw 1 58.99 ± 3.01 -8.33 ± 3.01 52.94 ± 22.46 0.74ns 
weight 2 52.01 ± 3.11 0.58 ± 3.11 60.43 ± 22.68 0.61ns 
3 52.81 ± 2.59 0.91 ± 2.59 72.56 ± 19.89 0.54ns 
4 55.98 ± 3.08 -3.38 ± 3.08 9.82 ± 19.24 0.54ns 
5 56.49 ± 2.81 -10.82 ± 2.81 6.35 ± 19.92 0.51ns 
6 50.38 ± 1.77 -1.05 ± 1.77 23.40 ± 11.47 0.16ns 
7 48.80 ± 2.30 -3.10 ± 2.30 39.04 ± 16.68 0.34ns 
8 53.22 ± 2.55 -6.15 ± 2.55 -7.90 ± 14.62 0.30ns 
Grain 1 27.03 ± 1.65 8.16 ± 1.65 27.58 + 10.79 0.58ns 
yield 2 24.95 ± 1.65 12.07 ± 1.65 21.70 ± 12.69 0.72ns 
3 25.83 ± 1.59 11.66 ± 1.59 26.75 ± 12.25 0.70ns 
4 25.12 ± 1.75 12.07 ± 1.75 8.92 ± 13.84 1.03ns 
5 28.35 ± 1.87 9.48 ± 1.87 3.36 + 12.66 0.59ns 
6 26.38 ± 0.82 13.50 ± 0.82 17.43 ± 5.80 0.14ns 
7 25.59 ± 1.41 11.41 ± 1.41 22.81 ± 10.46 0.43ns 
8 25.60 ± 1.08 12.54 ± 1.08 —4.66 ± 7.52 0.30ns 
Harvest 1 31.03 ± 0.24 9.13 ± 0.24 3.14 ± 1.39 0.01ns 
index 2 30.45 ± 0.62 10.42 ± 0.62 -1.15 ± 3.98 0.14ns 
3 30.96 ± 0.59 9.50 ± 0.59 -1.75 ± 3.47 0.10ns 
4 29.36 ± 0.96 11.33 ± 0.96 7.35 ± 7.14 0.41ns 
5 33.38 ± 0.90 11.49 ± 0.90 -2.43 ± 5.48 0.21ns 
6 32.22 ± 0.46 12.19 ± 0.46 11.51 ± 2.90 0.08ns 
7 32.97 ± 0.84 11.52 ± 0.84 7.80 ± 4.90 0.21ns 
8 31.09 ± 0.56 13.06 ± 0.56 1.60 ± 3.85 0.14ns 
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fitted the data, gave more realistic values of m, and gave lower 
standard errors for all components (Table 14). 
The results of the eight crosses are fairly consistant for all 
traits. Heading date, height, straw weight, and grain yield all have 
high potence ratios, suggesting that dominance may be quite a large 
and important component. Harvest index has a low potence ratio in­
dicating that additive gene action is the most important genetic 
component for this trait. 
2. Genetic variance component analysis 
The changes in genetic variances over generations are illustrated 
in Figs. 14 and 15 for the five plant traits. The genetic variances 
for heading date decreased with increasing backcross levels, whereas, 
the other four traits show a tendency for the genetic variances to 
increase over the F^, BC^Fg, and BCgFg, and then decrease in later 
generations. Crosses involving CI 7463 are more pronounced in this 
respect than crosses involving CI 8044. 
2 2 2 
Fitting a three parameter model, [d ], [h ], [i ], by a least squares 
procedure resulted in approximately half the estimates, usually the 
2 [d ] component, being negative. Therefore, this model was not satis­
factorily explaining the type of gene action Involved. When a two 
2 2 2 
parameter model, [d ] and [h ], was fitted, the [h ] component was 
negative for most crosses and had large standard errors. However, 
2 2 
another two parameter model, [d ] and [1 ], which Matzinger (1963) 
Fig. 14. Trends over generations in the genetic variances for heading 
date and plant height for eight A. sativa x A. sterilis 
crosses. Crosses are; (1) CI 7463 x B442, (2) CI 7463 x B443, 
(3) CI 7463 X B444, (4) CI 7463 x B445, (5) CI 8044 x B442, 
(6) CI 8044 X B443, (7) CI 8044 x B444, (8) CI 8044 x B445. 
GENETIC VARIANCE 
HEIGHT 
IN) 
O 
—T" 
-tk 
O 
at 
o 
00 
o 
"T-
O 
o 
T 
HEADING DATE 
ro 
o 
"T" 
w 
o 
-r-? 
1. \y  
cn 
1// 
CO -Ng 
/ » . >  
in 
o 
oo 
Ot 
OJ 
>vj 
o 
00 
o 
Fig. 15. Trends over generations In the genetic variances for straw 
weight, grain yield, and harvest index for eight A. satlva x 
A. sterilis crosses. Crosses are; (1) CI 7463 x B442, (2) CI 
7463 X B443, (3) CI 7463 x B444, (4) CI 7463 x B445, (5) CI 
8044 X B442, (6) CI 8044 x B443, (7) CI 8044 x B444, (8) CI 
8044 X B445. 
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Table 15. Estimates of the components of genetic variances 
for heading date, height, straw weight, grain yield, and 
harvest index and multiple correlation coefficients between 
actual and estimated genetic variances for each of the eight 
crosses. 
Trait Cross 
number 
Component' 
[df] [i^] 
Multiple 
correlation _ 
coefficient (R ) 
Heading 
date 
Height 
Straw 
weight 
1 33.9 ± 6.4 0.85 
2 65.4 ± 8.1 0.93 
3 57.7 ± 15.2 0.74 
4 21.2 ± 3.6 0.88 
5 20.6 ± 2.4 0.94 
6 25.9 ± 4.1 0.89 
7 36.3 ± 12.6 0.62 
8 32.9 ± 9.3 0.72 
1 64 ± 84 43 ± 84 0.72 
2 -45 ± 70 193 + 70 0.88 
3 50 ± 35 62 + 35 0.94 
4 7 ± 58 88 + 58 0.71 
5 46 ± 34 58 + 34 0.93 
6 49 ± 28 80 ± 28 0.97 
7 36 ± 29 73 + 29 0.96 
8 -57 ± 54 258 + 54 0.96 
1 170 ± 56 73 ± 56 0.97 
2 40 ± 144 256 + 144 0.87 
3 155 ± 132 192 ± 132 0.91 
4 110 ± 168 122 + 168 0.75 
5 123 ± 56 36 + 56 0.93 
6 20 ± 94 137 + 94 0.82 
7 55 ± 27 77 ± 27 0.97 
8 159 ± 52 64 ± 52 0.97 
3 2 0 [d ] is proportional to additive genetic variance, and [i ] 
is proportional to additive x additive genetic variance. 
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Table 15 (Continued) 
Trait Cross Component^ Multiple 
number - „ correlation _ 
[d ] [i ] coefficient (R ) 
Grain 1 19 + 39 120 + 39 0.95 
yield 2 18 + 97 135 + 97 0.79 
3 -32 + 87 237 + 87 0.90 
4 36 + 92 90 + 92 0.75 
5 124 ± 45 -23 ± 45 0.90 
6 -2 ± 67 96 ± 67 0.76 
7 12 + 43 102 + 43 0.92 
8 40 + 65 80 ± 65 0.84 
Harvest 1 —8 ± 39 72 + 39 0.82 
index 2 31 ± 28 21 + 28 0.84 
3 10 ± 31 30 ± 31 0.72 
4 66 + 21 4 ± 21 0.75 
5 101 ± 17 -52 + 17 0.95 
6 27 ± 23 14 ± 23 0.83 
7 20 ± 9 22 + 9 0.97 
8 83 + 29 -39 + 29 0.83 
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suggested was more appropriate for selflng species, fitted the data 
more satisfactorily for four of the traits, plant height, straw weight, 
grain yield, and harvest index (Table 15). This particular model ex­
plained 88, 90, 85, and 84% of the variation in the data, whereas a 
2 
one parameter model, [d ], explained 80, 85, 76, and 80% of the varia­
tion for height, straw weight, grain yield, and harvest index, respective­
ly. Eliminating the dominance term from the model was equivalent to 
equating this component to zero. This was a reasonable assumption 
2 
since the coefficients of [h ] were small (Table 13). 
2 2 
The two parameter model, [d ] and [i ], did not fit the data on 
2 genetic variances for heading date, since the estimates of [i ] were all 
2 
negative. Hence, the one parameter model, [d ], gave the best fit for 
this trait. 
The eight crosses differed in the relative magnitudes of their 
additive and additive x additive variances for all traits. The increase 
in genetic variances over the F^, BC^Fg, and BCgFg generations and then 
decreases In later generations probably can be attributed to additive 
X additive genetic variance. 
3. Number of effective factors 
The frequency distributions for all traits (Figs. 2-11) show no 
tendency for lines to fall into discrete classes, suggesting that a 
number of effective factors all with more or less equal effects were 
controlling each trait. Also, the frequency distributions suggest 
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Table 16. Parental ranges, progeny ranges, genetic variances, and 
estimated number of effective factors by which the parents 
differed for heading date, height, straw weight, grain 
yield, and harvest index for each of the eight A. sativa 
X A. sterills crosses. 
Trait Cross Parental Progeny Genetic Number of 
number range range variance effective 
(R) (og) factors (k) 
Heading 1 2.6 25.5 16.3 5.0 
date 2 16.6 32.0 38.7 3.3 
3 18.6 29.5 49.5 2.2 
4 11.6 21.5 9.2 6.3 
5 4.4 17.0 10.0 3.6 
6 18.4 24.5 18.5 4.1 
7 20.4 33.5 35.7 3.9 
8 13.4 26.5 29.2 3.0 
Height 1 26.6 52.0 27.0 12.5 
2 10.6 51.0 33.7 9.6 
3 21.6 44.0 48.5 5.0 
4 14.5 53.0 36.4 9.7 
5 18.0 41.0 33,0 6.4 
6 2.0 44.0 44.7 5.4 
7 13.0 48.0 39.4 7.3 
8 6.0 51.0 44.0 7.4 
Straw 1 15.6 84.0 100.0 8.8 
weight 2 0.2 99.8 80.2 15.5 
3 0.2 90.1 153.3 6.6 
4 7.7 67.8 96.9 5.9 
5 18.1 67.8 79.9 7.2 
6 2.2 68.9 64.5 9.2 
7 2.7 63.1 48.4 10.3 
8 10.2 63.8 98.7 5.2 
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Table 16 (Continued) 
Trait Cross Parental Progeny Genetic Number of 
number range range variance effective 
(R) (Oc) factors (k) 
Grain 1 16.8 47.4 36.7 7.6 
yield 2 22.8 53.8 53.3 6.8 
3 21.5 53.8 61.8 5.9 
4 22.6 54.9 54.8 6.9 
5 19.7 46.6 65.8 4.1 
6 25.7 47.7 30.9 9.2 
7 24.4 44.9 37.4 6.7 
8 25.5 52.1 49.5 6.9 
Harvest 1 18.4 31.6 6.6 18.8 
index 2 20.3 42.3 25.8 8.7 
3 18.8 42.7 19.3 11.8 
4 22.3 51.0 30.7 10.8 
5 22.2 41.0 41.4 5.1 
6 24.1 30.0 12.2 9.2 
7 22.6 38.3 15.4 11.9 
8 26.1 42.4 38.2 5.9 
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that heading date and harvest index were controlled by genes at re­
latively few loci, whereas straw weight and grain yield were controlled 
by genes at more loci. Height was intermediate in this respect. 
For all traits, the estimates of the number of effective factors 
(Table 16) were less than the haploid number of chromosomes which is 
21. Heading date was controlled by a small number of factors, whereas, 
plant height was controlled by a larger number. The number of effective 
factors for harvest index was higher than for grain yield or straw 
weight, which is contrary to the conclusion drawn from the frequency 
distributions. One reason for this was that epistatic variance was 
an important component of the genetic variance for straw weight and 
grain yield, but was a relatively small component of the genetic 
variance for harvest index (Table 15). So when the total genetic 
variance was used as an estimate of the additive genetic variance, 
the number of effective factors was underestimated for straw weight 
and grain yield. 
D. Discussion 
From such genetically wide crosses as A. sativa x A. sterilis it 
might be expected thaï all the plus factors by which the parental 
lines differed would be assembled in one parent, whereas the other 
parent would have all the minus factors. Quite surprisingly, this was 
not the case. The presence of transgressive segregates clearly in­
dicated that both A. sativa and A. sterilis parents provided plus factors. 
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One assumption upon which the generation means analysis was based, 
was that the alleles were isodirectionally distributed. Since this 
assumption was not upheld, [d] was underestimated. Another possible 
reason for the high potence ratios was that linkage was assumed to be 
absent, and if linkage was present, especially in the repulsion phase, 
[h] would be overestimated. It is likely that repulsion phase linkages 
existed, since both plus and minus factors occurred in both parents of 
a cross. 
The increase in genetic variances in the BC^Fg and BCgFg generations 
in comparison over those in the F^, which the variance component analyses 
attributed to additive x additive gene action, may possibly be accounted 
for by the breakup of repulsion phase linkages. Unfortunately, this 
experiment was not specifically designed for an inheritance analysis, 
hence it was not possible to statistically differentiate between the 
presence of epistasis and the presence of linkage. Oats is an allo-
hexaploid and, therefore, duplicate or triplicate gene action could 
probably account for the additive x additive component. Triplicate 
gene action would tend to give skewed frequency distributions, especially 
in the early backcross generations; however, this tendency was not ob­
served. Therefore, the primary explanations of genetic variation based 
on data from the backcross generations are, presence of additive gene 
action, a sizable breakup of repulsion phase linkages, and presence of 
additive x additive epistatic gene action. 
For each trait, the estimated number of effective factors, based 
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upon data from the generations, was minimal since linkage and 
epistatic gene action, which were both hypothesized to exist, would lead 
to underestimates. Early generation analysis also leads to underesti­
mates, as amply demonstrated by Wehrhahn and Âllard (1965) for heading 
date in wheat. However, even though the number of effective factors 
for each trait may have been an underestimate, some conclusions can be 
drawn relative to inheritance of the various traits. Heading date was 
controlled by a few genes that primarily exhibited additive gene action. 
Both the A. sativa and A. sterilis parents possessed genes for early 
heading. Height was controlled by more genes, that exhibited both 
additive and epistatic gene action. Both A. sativa and A. sterilis 
parents contributed genes for short plant height, but possibly due to 
linkage and the number of genes controlling this character, transgressive 
segregates were not detected until the BC^Fg generations. Harvest 
index was controlled by a number of genes that acted additively. How­
ever, the A. sterilis parents possessed very few genes for increasing 
harvest index of the segregates. Both straw weight and grain yield were 
complexly inherited. Each trait was controlled by a number of genes 
which exhibited additive gene action, epistatic gene action, and linkage; 
all of which reduced the frequency of transgressive segregates for high 
grain yield in the F^ generations. 
88 
V. INTROGRESSION OF EXOTIC GERMPLASM 
A. Literature Review 
An essential feature of a dynamic plant breeding program is the 
development and maintenance of a widely diverse gene pool that can be 
readily exploited by the breeder. The gene pool must have new germplasm 
introgressed into it continuously, to permit the occurrence and selection 
of superior genotypes for commercial use and to maintain the breadth of 
genetic variability necessary to rapidly accommodate changing patterns 
of agricultural or commercial practice (Finlay, 1969). Wide arrays of 
genetic variability in nearly all species are available to plant breeders 
in the forms of wild, primitive, and cultivated populations. Progress 
in cultivar improvement seldom has been restricted by a lack of avail­
able variability, but rather, improvement has been slow because of the 
lack of imagination, vision, and efficiency in identifying and incor­
porating the existing variability into improved cultivars (Krull and 
Borlaug, 1970). 
Introgression of germplasm from wild and weedy types has been an 
important feature in the natural evolution of many crop species (Ander­
son, 1949; Stebbins, 1959). Most cultivated plant species have companion 
weed races (Harlan, 1965) which seemingly serve as reservoirs of re­
serve germplasm. Such an ideal evolutionary mechanism allows inter­
mittent and restricted exchange of germplasm between the crop and weed 
populations, but the barriers to gene flow generally are sufficiently 
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strong that the two populations maintain their integrities. Occasional 
hybridization results in an irruption of a hybrid swarm that quickly 
subsides again, but the genetic consequences are considerable. 
The term "introgressive hybridization" was coined by Anderson and 
Hubricht (1938) to denote the gradual infiltration of germplasm of one 
species into that of another, as a consequence of hybridization and 
repeated backcrossing. As a result of man's activities, new habitats 
frequently are formed which provide the requisite ecological niches for 
these hybrid derivatives (Anderson, 1948; Stebbins, 1959). 
An example of the putative role of introgression in the evolution 
of an important cultigen is provided by maize (Zea mays L.). The tri­
partite hypothesis (Mangelsdorf, MacNeish, and Galinat, 1964; De Wet 
and Harlan, 1972) maintains that introgression of Tripsacum and teosinte 
(Z. mexicana (Schrad.) Kuntze) into maize germplasm played an important 
role in the improvement of maize after its cultivation began. In areas 
of Mexico, farmers recently have developed some outstanding cultivars 
from natural inter-hybridization between the prevailing indigenous types 
and the recently introduced hybrids or populations (Wellhausen, 1965). 
Many breeders have been, discouraged in attempts to broaden the gene 
pool through the use of exotic germplasm, because they frequently used 
only single crosses between the exotic and cultivated lines (MacKey, 
1963). On the average, crosses of adapted x adapted parents produce a 
higher proportion of good segregates than crosses of adapted x unadapted 
or unadapted x unadapted (Frey, 1971). According to MacKey (1963), 
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the difficulty encountered while trying to improve a type which already 
approaches the ideal agro-ecotype, is expected as a natural consequence 
because the superior gene complexes found in adapted genotypes are 
easily disrupted in crosses with exotic lines. The intermediate re­
combinants, therefore, are seldom of direct use. Rather, the breeder 
is more interested in the rare extremes which have a limited number of 
genes from the exotic parent incorporated into the genetically balanced 
system of the adapted parent. 
Conventional breeding methods have been unsuccessful in exploiting 
the range of useful variability for complexly inherited characters from 
exotic germplasm because they do not allow the population sizes and the 
repeated intercrossing necessary for adequate recombinations of genes 
to take place (Allard and Hansche, 1964). One reason that new breeding 
methods are now being put into practice is that analyses of complex 
multilocus models (e.g., Monte Carlo simulation studies) are a pre­
requisite to understanding the genetic aspects of incorporating exotic 
germplasm into breeding populations. 
To incorporate favourable genes into the Corn Belt dent maize 
cultivars from exotic collections, Wellhausen (1965) emphasized that 
it was important to Incorporate small doses of such materials. He 
suggested that 25% exotic germplasm in Corn Belt cultivars may be too 
much, but that until more precise information was available he proposed 
using this level. Other studies with maize (Eberhart, 1971; Griffing 
and Lindstrom, 1954; Russell and Eberhart, 1970; Timothy, 1963) and 
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Sorghum bicolor L. (Malm, 1968) report good performances for hybrids of 
populations Involving 25-50% exotic germplasm. In Glycine max L«, 
three-way crosses produced more superior yielding lines than did two-
way crosses (Thorne and Fehr, 1970). However, mere crossing with intro­
duced germplasm without selection does not lead to automatic cultivar 
improvement (Efron and Everett, 1969). 
B. Best Backcross Generations for Selecting 
Agronomically-Sultable, High-Yielding Progeny 
1. Theoretical predictions based on inheritance data 
As the effective factor is the basis in biometrical genetics upon 
which selective advance is predicted (Mather and Jinks, 1971), I used 
the number of effective factors determing the genetic difference be­
tween A. sativa and A. sterilis parents (Table 16) to predict the best 
backcross generation(s) for selecting agronomically-suitable, high-
yielding lines from crosses of these parents. When using the Castle-
Wright formula to calculate the number of effective factors, I assumed 
that dominance and epistatic genetic variances were zero and that all 
factors were of equal increments. 
By extending the Castle-Wright formula, I could calculate the 
number of plus factors in each of the parents of a cross. Plus factors 
were those genes or blocks of linked genes for early heading date, short 
plant height, high grain yield, or high harvest index. The procedure 
I used can be illustrated by data for grain yield (q/ha) in cross 1 
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(CI 7463 X B442); 
grain yield of lowest line = 9.7, 
grain yield of A. sterilis parent (B442) = 18.9, 
grain yield of A. sativa parent (CI 7463) = 35.7, 
grain yield of highest line = 57.1, and 
number of effective factors by which parents differ (Table 16) 
= 7.6. 
Thus, 
genotypic range (R) = 57.1 - 9.7 = 47.4 (Table 16), 
and, therefore, 
number of plus factors in A. sterilis parent (B442) 
= (57.1 - 35.7) + (18.9 - 9.7) x 7.6 
2 47.4 
« 2.5 
= 3 (approximately). 
Likewise, 
the number of plus factors in A. sativa parent (CI 7463) 
= 7.6 - 2.5 
« 5.1 
= 6 (approximately) 
Since the number of factors estimated by the Castle-Wright formula 
was a minimum, they were approximated to the next largest integer. 
The numbers of plus factors in the A. sativa and A. sterilis parents 
were calculated for heading date, height, grain yield, and harvest 
index, for each cross (Table 17). 
Table 17. Number of plus factors in A. sativa and A. sterilis parents, number of plus factors 
required in selected progeny, and best generations for selecting progeny for early 
heading date, short plant height, high grain yield, or high harvest index in each 
of the eight crosses. 
Trait Cross 
number Number of plus factors 
in parents 
Minimum number of 
plus factors 
Best generations for 
selecting progeny 
A. sativa A. sterills selected progeny 
Heading 1 3 3 2 all. except F_ 
date 
all. 2 3 1 2 except F2 
3 2 1 2 all. except F2 
4 5 2 4 all. except F2 
5 3 2 1 all 
6 3 2 3 all. except F2 
7 3 2 3 all. except Fg 
8 2 2 2 all 
Height 1 10 4 5 all 
2 6 4 2 all 
3 4 2 2 all 
4 7 4 3 all 
Table 17 (Continued) 
Trait Cross 
number Number of plus factors 
in parents 
A. sativa A. sterills 
Height 5 5 2 
6 3 3 
7 5 3 
8 5 4 
Grain 1 6 3 
yield 2 5 2 
3 5 2 
4 5 3 
5 3 2 
6 8 3 
7 6 2 
8 6 2 
Harvest 1 15 4 
index 2 7 3 
3 9 4 
4 8 4 
Minimum number of Best generations for 
plus factors selecting progeny 
required in 
selected progeny 
3 all 
2 all 
3 all 
3 all 
8 BC]?, - BC3F2 
7 BC1F2 - BC3F2 
7 BC^Fg - BCgFg 
7 BC1F2 - BC3F2 
5 BC1F2. BCgF, 
10 BC1F2 - BC3F2 
8 BC1F2 - BCgF, 
8 BC1F2 - BC5F2 
15 BC3F2 - BC5F2 
7 BC2F2 - BC3F2 
9 BC2F2 - BC5F2 
8 BC2F2 - BC5F2 
Table 17 (Continued) 
Trait Cross Minimum number of Best generations for 
number Number of plus factors plus factors selecting progeny 
in parents required in 
A. sativa A. sterilis selected progeny 
Harvest 
index 
5 
6 
7 
8 
4 2 4 BC1F2 - BC5F2 
9 1 8 BC,?, 
- BC5F2 
10 3 9 BC,?, 
- BC5F2 
5 2 5 BC1F2 - BC5F2 
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The primary conclusion from these analyses was that whereas most 
of the plus factors were in the A. sativa cultivars, the A. sterilis 
introductions had a significant and important number of plus factors 
for each trait. Therefore, it should be possible to select lines from 
A. sativa x A. sterilis crosses that contain plus factors, especially 
for grain yield, from both parents. 
To apply a theoretical selection for desired lines from the back-
crosses, I chose culling levels for each trait that were based on 
measurements of check cultivars grown in the experiment. The chosen 
culling levels were aimed at selecting high-yielding lines that had 
suitable agronomic characteristics. The culling levels were: 
heading date of selected line < 21.0 days, 
plant height of selected line < 121.0 cm, 
grain yield of selected line > 33% increase over the recurrent 
parent, and 
harvest index of selected line > 39.0%. 
Selection intensities for heading date, plant height, and harvest index 
were low; whereas, a very high selection Intensity was used for grain 
yield. 
Each culling level was converted to number of plus factors re­
quired in the selected lines. The procedure can be illustrated for 
grain yield of cross 1 (CI 7463 x B442): 
grain yield of CI 7463 recurrent parent = 35.7 q/ha, 
culling level = 33% increase over recurrent parent. 
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thus, 
culling level = 35.7 x 1.33 = 47.6 q/ha. 
Therefore, 
the number of plus factors required in selected progeny 
= 47.6 X 7.6 
47.4 
= 7.6 
= 8 (approximately) 
The number of plus factors required in the selected lines was calculated 
for each trait in each cross (Table 17). 
Considering each trait and each cross separately, I derived a 
binomial expansion using the number of plus factors in the A. sativa 
and A. sterilis parents. From this generalized binomial expansion, I 
calculated the probabilities of obtaining the desired lines in all 
generations. The generations that theoretically were most suitable for 
selection (Table 17) were those with the highest probabilities of 
desired lines. 
The eight crosses were very consistent for the number of plus 
factors for all traits (Table 17). All generations were suitable for 
selecting lines with short height; all generations except the were 
suitable for selecting lines with early heading; and the BCgFg to 
BCgFg were the most suitable generations for selecting lines with high 
harvest index. The intermediate backcross generations (i.e., BC^Fg 
to BCgFg) were the best for selecting lines with high grain yield. 
Assuming that genetic factors for all traits segregated indepen-
Fig. 16. Trends over generations In the probability of selecting 
agronomically-sultable, high-yielding progeny from the eight 
A. sativa x A. sterilis crosses, as estimated from the number 
of effective factors. Crosses are; (1) CI 7463 x B442, (2) CI 
7463 X B443, (3) CI 7463 x B444, (4) CI 7463 x B445, (5) CI 
8044 X B442, (6) CI 8044 x B443, (7) CI 8044 % B444, (8) CI 
8044 X B445. 
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dently, I calculated the probabilities of obtaining high-yielding lines 
with suitable agronomic characteristics (i.e., early heading date, short 
plant height, high harvest index, and A. sativa seed type) in each gen­
eration of each cross (Fig. 16). The frequencies of lines with A. sativa 
seed type in each generation of each cross are given in Fig. 1. 
Averaged over the eight crosses, the 862^2' BC^Fg, theo­
retically, were the best generations for selecting agronomically-sultable, 
high-yielding lines (Fig. 16). The BCgFg was the best generation for 
selecting superior lines from cross 5, which had a lower number of 
effective factors controlling grain yield, whereas, the BC^Fg was 
the best generation for selecting desired lines from all other crosses, 
all of which had a higher number of effective factors controlling grain 
yield (Table 16 and 17). The probability of obtaining the desired 
lines when averaged over all crosses was very low (0.0002) because such 
a high selection intensity was used for grain yield (33% increase over 
the recurrent parents). This selection intensity was equivalent to 
requiring the addition of two factors for grain yield to the A. sativa 
recurrent parents in each cross (Table 17). 
2. Results from data on backcross variability 
The frequency distributions for grain yields of oat lines with 
suitable agronomic characteristics were determined for each generation 
of each cross (Figs. 17 and 18). Lines with suitable agronomic traits 
(i.e., early heading date, short plant height, and A. sativa seed type) 
Fig. 17. Frequency distributions for grain yield of lines that have 
suitable agronomic characteristics, for all generations and 
all crosses involving the CI 7463 A. sativa recurrent parent. 
A. sterilis donor parents are; (1) B442, (2) B443, (3) B444, 
(4) B445. Black areas in the histograms denote transgressive 
segregates. 
FREQUENCY (%) 
Fig. 18. Frequency distributions for grain yield of lines that have 
suitable agronomic characteristics, for all generations and 
all crosses involving the CI 8044 A. satlva recurrent parent. 
A. sterllls donor parents are; (5) B442, (6) B443, (7) B444, 
(8) B445. Black areas in the histograms denote transgressive 
segregates. 
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were selected by an independent culling level procedure. The culling 
levels were 21.0 days for heading date and 121.0 cm for plant height. 
Most lines from the and a large proportion of those from the 
BC^Fg were eliminated due to unsuitable agronomic plant type. Selection 
of lines for short plant height had a small negative correlated re­
sponse on grain yield; whereas, selection for heading date had no cor­
related response on grain yield (Table 18). Harvest index was not used 
as a selection criterion because selection for high grain yield and early 
heading date indirectly selected for this trait (Table 18). 
Agronomically-suitable lines that exhibited transgressive segre­
gation for grain yield (represented by the black areas of the histograms 
in Figs. 17 and 18) occurred mainly in the BCgFg, BC^Fg, and BC^Fg gene­
rations of the crosses involving the CI 7463 recurrent parent (Fig. 17), 
and in the BC^Fg generations of the crosses involving the CI 8044 re­
current parent (Fig. 18). Crosses involving the CI 7463 recurrent parent 
had higher proportions of transgressive segregates for high grain yields 
than did crosses involving the CI 8044 recurrent parent. However, it 
was difficult to compare crosses from the two recurrent parents by 
examining the frequencies of transgressive segregates because different 
culling levels were used for the two groups of crosses (43.7 q/ha for CI 
7463 crosses and 46.6 q/ha for CI 8044 crosses). Generally, all A. 
sterilis parents produced about the same frequencies of transgressive 
segregates for a given generation (Fig. 17 and 18). 
To compare the eight crosses directly with respect to frequencies 
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Table 18. Genetic correlations between agronomic traits averaged over 
the Fg, and BCgFg generations of the eight A. satlva 
X A. sterllis crosses. 
Height Straw Grain Harvest 
weight yield Index 
Heading date 0.47 0.48 0.07 -0.35 
Height 0.55 0.32 -0.16 
Straw weight 0.73 0.01 
Grain yield 0.69 
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of agronomically-suitable, high-yielding lines, I chose the same 
culling level for all crosses (Table 19). The chosen culling level for 
grain yield was 47.4 q/ha which was equivalent to a 3% selection in­
tensity. Generally, crosses involving CI 7463 (crosses 1, 2, 3, and 4) 
had a higher frequency of superior segregates than those involving CI 
8044 (crosses 5, 6, 7, and 8). Also, crosses involving the B442 A. 
sterills parent (crosses 1 and 5) had a lower frequency of superior 
segregates than crosses involving the other three A. sterilis parents. 
All superior segregates shown in Table 19 were more than 25% higher 
yielding than the A. sativa recurrent parent. 
3. Discussion 
My investigations showed that exotic A. sterilis introductions can 
be useful sources of genes, especially for grain yield, for expanding 
the gene pool available to the oat breeder. It is quite probable that 
further studies on A. sterilis will expose the potential of this wild 
and weedy germplasm resource that has just begun to be utilized. 
Introgression of genes from A. sterilis introductions into A. 
sativa oat breeding populations can readily be accomplished through a 
backcrossing procedure, which Is essentially the same method whereby 
natural populations of plants transfer genes from one species to another 
(Anderson, 1949; Stebbins, 1959). 
Theoretical predictions on the performance of backcrosses from 
A. sativa x A. sterilis crosses (Fig. 16) and direct observations of 
108 
Table 19. Percentages of high-yielding lines (> 47.4 q/ha which 
equals a 3% selection intensity) with suitable agronomic 
characteristics in each generation and each cross. 
Generation Cross number 
1 2 3 4 5  6  7  8  
BCiFz 
BC2F2 
BCgF, 
BC4F2 
BC3F2 
1 
0 
4 
5 
3 
3 
0 
0 
0 
4 
5 
11 
5 
0 
3 
6 
10 
15 
1 
0 
1 
10 
3 
6 
4 
4 
0 
4 
0 
0 
9 
1 
0 
0 
3 
3 
6 
9 
0 
3 
4 
0 
4 
0 
0 
3 
1 
0 
11 
1 
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backcross variability (Figs. 17 and 18; Table 19) indicated that the 
BC^Fg were the generations which contained the highest 
proportions of high-yielding, agronomically-suitable segregates. Popula­
tions of lines from these three backcross generations theoretically had 
approximately 12 to 3% A. sterilis germplasm. This was a smaller dosage 
of exotic germplasm than the 25% dose suggested by Wellhausen (1965) 
as a suitable level to introgress exotic germplasm into Corn Belt maize 
populations. Superior segregates with the appropriate combination of 
A. sativa and A. sterilis factors should be obtained, theoretically, 
from all backcross generations; however, the BCgFg, BC^Fg, and BC^Fg 
generations allow the practical breeder to select these superior segre­
gates frcz populations of manageable size. 
Many breeders have been discouraged in their attempts to broaden 
the gene pool through the use of exotic germplasm (MacKey, 1963) be­
cause, on the average, crosses of adapted x adapted parents will produce 
more good lines than will crosses of adapted x exotic (Frey, 1971). My 
results also indicate that two-way crosses of adapted A. sativa x exotic 
A. sterilis will produce no superior lines. However, if A. sterilis 
germplasm is incorporated into A. sativa breeding populations in doses 
of 12 to 3%, there is a good probability of obtaining superior-yielding 
segregates that are agronomically desirable. 
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C. Breeding Procedures 
1. Selection of parents 
A. sterilis proved to be a useful source of grain yield genes, even 
though there was no indication of the presence of such genes from direct 
observations on these exotic parents. Since all four A. sterilis intro­
ductions that I tested in crosses with A. sativa, contributed genes for 
increasing grain yield of segregates from their crosses, it would cer­
tainly seem worthwhile to investigate the genetic potential of additional 
A. sterilis genotypes. 
My results also indicated that A. sterilis would be a useful source 
of genetic variability both for short term and long term oat breeding 
programs. For the short term, it would be simplest to obtain BCgFg or 
BCsFz-derived lines from A. sativa x A. sterilis crosses, and then use 
these lines in the regular crossing and selection phases of the in­
dividual breeder's program. Selection of the A. sativa recurrent 
parents probably would be more critical than selection of the A. sterilis 
donor parents. Since the A. sterilis parents primarily will contribute 
factors to increase grain yield of segregates from the crosses, the 
A. sativa recurrent parents must have suitable agronomic characteristics 
as well as being high-yielding genotypes. Also, the A. sativa recurrent 
parents probably should have good general combining ability with A. 
sterilis genotypes. My results indicate that CI 7463 was a better re­
current parent than CI 8044. Since I only tested four A. sterilis intro­
ductions and there is no other published data on grain yield in A. 
Ill 
sterilis, I would suggest that a larger number be evaluated as donor 
parents in an oat breeding program. 
For the long term oat breeding program, many A. sativa and A. 
sterilis genotypes shoud be combined and recombined so that the A. 
sativa-A. sterilis gene pool is thoroughly mixed. In a six-parent 
diallel cross among A. sterilis genotypes. Ohm and Patterson (1973a) 
found that the parents were genetically different with respect to groat-
protein content. Therefore, it is quite probable that the four A. 
sterilis genotypes from my experiment plus other A. sterilis intro­
ductions not yet investigated likely would carry different genetic 
factors with respect to grain yield. Hence, in a long term program, 
breeding procedures should be employed that allow recombination within 
A. sterilis germplasm as well as between A. sativa and A. sterilis 
germplasm and within A. sativa germplasm. Multiple-parent crosses, 
such as the diallel selective mating system proposed by Jensen (1970), 
and other breeding methods that fully exploit the A. sativa-A. sterilis 
gene pool should be investigated; but in using these schemes my experi­
ments indicate the proportion of exotic A. sterilis germplasm should be 
maintained between 3 and 12%. 
2. Recombination and selection 
The inheritance analyses of my data indicated that both A. sativa 
and A. sterilis parents provided plus factors for heading date, plant 
height, harvest index, and especially grain yield. The breakup of 
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repulsion phase linkages, however, was important in obtaining superior 
segregates from A. sativa x A. sterilis crosses and additive x additive 
gene action was an important component of the genetic variances in the 
early generations. 
In both a short term oat breeding program where straight back-
crosses may be used or in a long term program where multiple-parent 
crosses may be used, it is important to allow a few cycles of genetic 
recombination before intense selection is imposed. This will Increase 
the opportunity for the breakup of repulsion phase linkages and allow 
desirable epistatic combinations to be formed (Matzinger, 1963). In 
all these recombination schemes, approximately 3 to 12% exotic A. 
sterilis germplasm should be maintained in the breeding populations. 
In subsequent cycles, after the initial exotic germplasm has been 
Incorporated, small increments (probably 3 to 12%) of exotic A. sterilis 
germplasm may be inserted in the oat populations for additional vari­
ability. 
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VI. SUMMARY 
My investigations showed that exotic A. sterilis introductions 
can be useful sources of genes, especially for grain yield, for ex­
panding the gene pool available to the oat breeder. Introgression of 
genes from A. sterilis materials into A. sativa oat breeding populations 
can readily be accomplished through a backcrossing procedure which is 
essentially the same method whereby natural populations of plants 
transfer genes from one species to another. Backcrossing successfully 
accomplished the recombination required to introgress complexly in­
herited traits as well as more simply inherited traits. 
The genetic variation obtained in the A. sativa x A. sterilis 
backcross generations was primarily due to the presence of additive 
gene action, a sizable breakup of repulsion phase linkages, and presence 
of additive x additive gene action. 
All four A. sterilis introductions that I tested in crosses with 
A. sativa contributed useful genes to the progeny for early heading 
date, short plant height, high grain yield, and possibly, other char­
acters that were not measured. The performance of backcrosses from 
A. sativa x A. sterilis crosses were theoretically predicted from the 
numbers of effective factors (estimated by the Castle-Wright formula) 
in the generations. These theoretical predictions indicated that 
the BCgFg, BCgFg, and BC^Fg generations should contain the highest 
proportion of high-yielding, agronomically-suitable segregates. Direct 
observations of transgressive segregates from the backcross generations 
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confirmed this prediction. Populations of lines from these three 
backcross generations, theoretically, had approximately 12 to 3% 
A. sterilis germplasm. 
A. sterilis could be used immediately as a source of genetic 
variability for grain yield in both short term and long term oat 
breeding programs. Exotic A. sterilis germplasm should be incorporated 
into oat breeding populations in small doses, approximately 3 to 12%, 
and ample opportunity should be allowed for the breakup of repulsion 
phase linkages and for desirable epistatic combinations to be formed. 
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